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Abstract
  Recently, period frequency and effect domain of the dust storms that enter Iran from Iraq have increased. In this study, 
in addition to detecting the creation zones of the dust storms, the effect of vegetation cover variation on their creation was 
investigated using remote sensing. Moderate resolution image Spectroradiometer (MODIS) and Landsat Thematic Mapper 
(TM5) have been utilized to identify the primarily creation zones of the dust storms and to assess the vegetation cover variation, 
respectively. Vegetation cover variation was studied using Normalized Differences Vegetation Index (NDVI) obtained from 
band 3 and band 4 of the Landsate satellite. The results showed that the surrounding area of the Euphrates in Syria, the 
desert in the vicinity of this river in Iraq, including the deserts of Alanbar Province, and the north deserts of Saudi Arabia 
are the primarily creation zones of the dust storms entering west and south west of Iran. The results of NDVI showed that 
excluding the deserts in the border of Syria and Iraq, the area with very weak vegetation cover have increased between 
2.44% and 20.65% from 1991 to 2009. In the meanwhile, the retention pound surface areas in the south deserts of Syria 
as well as the deserts in its border with Iraq have decreased 6320 and 4397 hectares, respectively. As it can be concluded 
from the findings, one of the main environmental parameters initiating these dust storms is the decrease in the vegetation 
cover in their primarily creation zones.
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Abstract
The aim of the present study was to standardize and to assess the predictive value of the cytogenetic analysis
by Micronucleus (MN) test in fish erythrocytes as a biomarker for marine environmental contamination. Micronucleus
frequency baseline in erythrocytes was evaluated in and genotoxic potential of a common chemical was determined
in fish experimentally exposed in aquarium under controlled conditions. Fish (Therapon jaruba) were exposed for 96
hrs to a single heavy metal (mercuric chloride). Chromosomal damage was determined as micronuclei frequency in
fish erythrocytes. Significant increase in MN frequency was observed in erythrocytes of fish exposed to mercuric
chloride. Concentration of 0.25 ppm induced the highest MN frequency (2.95 micronucleated cells/1000 cells compared
to 1 MNcell/1000 cells in control animals). The study revealed that micronucleus test, as an index of cumulative
exposure, appears to be a sensitive model to evaluate genotoxic compounds in fish under controlled conditions.
Keywords: genotoxicity; mercuric chloride; micronucleus
Available online at www.tshe.org/EA
EnvironmentAsia 2 (2009) 50-54
1. Introduction
In India, about 200 tons of mercury and its
compounds are introduced into the environment
annually as effluents from industries (Saffi, 1981).
Mercuric chloride has been used in agriculture as a
fungicide, in medicine as a topical antiseptic and
disinfectant, and in chemistry as an intermediate in
the production of other mercury compounds. The
contamination of aquatic ecosystems by heavy
metals and pesticides has gained increasing attention
in recent decades. Chronic exposure to and
accumulation of these chemicals in aquatic biota
can result in tissue burdens that produce adverse
effects not only in the directly exposed organisms,
but also in human beings.
Fish provides a suitable model for monitoring
aquatic genotoxicity and wastewater quality
because of its ability to metabolize xenobiotics and
accumulated pollutants. A micronucleus assay has
been used successfully in several species (De Flora,
et al., 1993, Al-Sabti and Metcalfe, 1995). The
micronucleus (MN) test has been developed
together  with  DNA-unwinding  assays  as
perspective methods for mass monitoring of
clastogenicity and genotoxicity in fish and mussels
(Dailianis et al., 2003).
The MN tests have been successfully used as
a measure of genotoxic stress in fish, under both
laboratory and field conditions. In 2006 Soumendra
et al., made an attempt to detect genetic biomarkers
in two fish species, Labeo bata and Oreochromis
mossambica, by  MN  and  binucleate  (BN)
erythrocytes in the gill and kidney erythrocytes
exposed to thermal power plant discharge at
Titagarh Thermal Power Plant, Kolkata, India.
The present study was conducted to determine
the acute genotoxicity of the heavy metal compound
HgCl2 in static systems. Mercuric chloride is toxic,
solvable in water hence it can penetrate the aquatic
animals. Mutagenic studies with native fish species
represent an important effort in determining the
potential effects of toxic agents. This study was
carried out to evaluate the use of the micronucleus
test (MN) for the estimation of aquatic pollution
using marine edible fish under lab conditions.
2. Materials and methods
2.1. Sample Collection
The fish species selected for the present study
was collected from Pudhumadam coast of Gulf of
Mannar, Southeast Coast of India. Therapon
jarbua belongs to the order Perciformes of the
family Theraponidae. The fish species, Therapon
jarbua (6-6.3 cm in length and 4-4.25 g in weight)
was selected for the detection of genotoxic effect
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1. Introduction
  In last decade, dust storms have caused severe to 
community health and Potential environmental concerns 
in west and south west of Iran. The responsible of 
that dust storm are wind erosion in Syria desert, Iraq 
and Saudi Arabia and their movement towards Iran 
(Amanollahi et al., 2011d). Iran Meteorological Organi-
zation reported that (IMO, 2010), construction of dams, 
inefficient farming and the decrease in the plantation in 
Beinolnahrien in Iraq, outbreak of drought in the recent 
years, erosion of soil during the war ever since 1990, 
are five main reasons for the dust storms in the west 
and southwest of Iran. Global warming was reported as 
important factor in decease plant cover (Javanshah, 
2010). Any decreases in the plantation directly or 
indirectly can cause these storms (Ye et al., 2002; Fan 
et al., 2002). Plants by covering the surface of the soil 
and reduce the speed of the wind (Vanden Van, 1989) 
play the role of a natural retention wall that protects 
the soil against the wind which directly decreases 
the potential of create dust storms (Hupy, 2004; Miri 
et al., 2010). In last decades, development and 
advances in remote sensing has opened a new corridor 
to studding Particulate Matter (PM) during the dust 
storms (Amanollahi et al., 2011a; 2011b; 2011c), and 
vegetation cover indexes (Yang et al., 2011; Huang 
et al., 2011; Eslami et al., 2011). Bands 4 and 3 of 
Landsat TM5 with a resolution of 30 m has been utilized 
for studying vegetation cover by many researchers (Li 
et al., 2009; Amiri et al., 2009; Zhang et al., 2009). 
Normalized Differences Vegetation Index (NDVI) is 
indexes that were used to study the vegetation cover 
(Sheriza et al., 2012). Third band (red) and the fourth 
band (near infrared) of Landsat satellite are utilized to 
obtain the NDVI index. The NDVI ranges between +1 to 
-1. A positive value indicates vegetation and a negative 
value signifies a lack of vegetation in a region. A value 
of +1 show highly concentrated vegetation but -1 means 
a complete absence of vegetation. The objective of this 
study was to investigate the changes in vegetation on 
the surface of the earth as well as the effect of it’s on 
the dust storms in deserts of Syria and Iraq, as areas of 
the origins of these storms.
2. Materials and Methods
  In order to select the study area that is the origin of 
the dust storm the images from MODIS Satellite, called 
MODO21KM, were utilized. These images are one 77
of the various types of graphic products generated by 
MODIS that are used for identifying the areas affected 
by dust as well as detecting fire in vast areas (Gupta 
et al., 2007; Amanollahi et al., 2011d). This type of image 
has a spatial resolution of 1KM and is the outcome of 
the reflection of light in 36 spectral bands on land used 
by MODIS. The image was produced on June 5
th, 2009. 
In the image, the origins of the dust storms have been 
indicated by arrows. These areas include the deserts 
around the Euphrates (Al-Forat River) in Syria and 
Iraq, the deserts around the Al Anbar Province of Iraq, 
and the deserts in the north of Saudi Arabia.
  The dust storm in Fig. 1 was produced on June 5
th, 
2009. The dust entered Iran in 24 hours. This resulted in 
an increase in rates of PM in the air of Sanandaj between 
1.00 p.m. and 5.00 p.m. on June 7
thh, 2009 to 449 µg/
m
3 per cubic meter of air. The rate rose to 511 µg/m
3 at 
5 p.m. on June 8
th, 2009. Landsat 5TM satellite images 
were utilized to compare the vegetation cover in Area 1 
(Syria), on June 26
th, 2003 and June 26
th, 2009, in Area 
2 (deserts in the Iraq-Syria border) on May 24
th, 2007 
and June 18
th, 1991, and in Area 3 (deserts around the 
Euphrates in the west of Baghdad, Iraq) on June 2
nd, 
2003 and June 28
th, 2009.
2.1. Image processing
  Images were rectified to the UTM projection system 
(datum WGS84 zones 37, 38) and were geo-referenced 
based on map (1:250000) that covered the lake near the 
Euphrates from Syria to Iraq using 50 points ground 
control points (Chen et al., 2006). RMSE were less than 
one pixel for all bands. Nearest Neighbor resampling 
algorithm were utilized to preserve the brightness 
values of the pixels the (Li et al., 2009). NDVI was 
calculated from the bands 4 and 3 of images using the 
follow equation:
NDVI= p(band 4) – p(band 3) / p(band 4) + p(band 3) 
                                                                                 (1) 
  Where, p is reflectance of band 4 and 3. NDVI 
was classified to several specific domains according 
to Table1. The supervised classification method with 
a Minimum Distance algorithm was also applied on 
NDVI images to classify the vegetation cover.
3. Results and Discussion
3.1. Area 1
  The first area comprises Dayr az Zawr and the 
deserts in the south west of this region in Syria. These 
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Figure 1. The satellite image by MODIS illustrating the establishment areas of dust storms in Syria, Iraq, and Saudi Arabia 
(indicated by arrows)
 
2. Materials and Methods 
 
In order to select the study area that is the origin of the dust storm the images from MODIS 
Satellite, called MODO21KM, were utilized. These images are one of the various types of graphic 
products generated by MODIS that are used for identifying the areas affected by dust as well as detecting 
fire in vast areas (Gupta et al., 2007; Amanollahi et al., 2011d). This type of image has a spatial 
resolution of 1KM and is the outcome of the reflection of light in 36 spectral bands on land used by 
MODIS. The image was produced on June 5
th, 2009. In the image, the origins of the dust storms have 
been indicated by arrows. These areas include the deserts around the Euphrates (Al-Forat River) in Syria 
and Iraq, the deserts around the Al Anbar Province of Iraq, and the deserts in the north of Saudi Arabia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The satellite image by MODIS illustrating the establishment areas of dust storms in Syria, Iraq, and Saudi 
Arabia (indicated by arrows) 
 
The dust storm in Fig. 1 was produced on June 5
th, 2009. The dust entered Iran in 24 hours. This 
resulted in an increase in rates of PM in the air of Sanandaj between 1.00 p.m. and 5.00 p.m. on June 7
th, 
2009 to 449 µg/m
3 per cubic meter of air. The rate rose to 511 µg/m
3 at 5 p.m. on June 8
th, 2009. Landsat 
5TM satellite images were utilized to compare the vegetation cover in Area 1 (Syria), on June 26
th, 2003 
and June 26
th, 2009, in Area 2 (deserts in the Iraq-Syria border) on May 24
th, 2007 and June 18
th, 1991, 
and in Area 3 (deserts around the Euphrates in the west of Baghdad, Iraq) on June 2
nd, 2003 and June 28
th, 
2009. 
 
2.1. Image processing 
 
Images were rectified to the UTM projection system (datum WGS84 zones 37, 38) and were geo-
referenced based on map (1:250000) that covered the lake near the Euphrates from Syria to Iraq using 50 
points ground control points (Chen et al., 2006). RMSE were less than one pixel for all bands. Nearest 
Neighbor resampling algorithm were utilized to preserve the brightness values of the pixels the (Li et al., 
2009). NDVI was calculated from the bands 4 and 3 of images using the follow equation: 
 
Table 1. Defined ranges for NDVI indicator for determining 
the vegetation cover in the establishment areas of the dust 
in West and south west of Iran.
NDVI Vegetation Index
NDVI > 0.1 Good
0.01< NDVI ≤ 0.1  Moderate
0< NDVI ≤ 0.01  Weak
NDVI ≤ 0 Very weak78
are some of the first areas where the dust storms 
originate. Fig. 2 shows the change in the vegetation 
cover of this area during 2003-2009. In Fig. 2, the 
areas with a very poor vegetation cover (in yellow) have 
considerably increased by June 26
th, 2009 as compared 
to the same day in 2003. Additionally, the areas with a 
good vegetation cover on the left top corner of Fig. 2(a) 
(in light green) have disappeared in Fig. 2(b).
  Areas with a poor vegetation cover in Fig. 2(a) are 
more scattered than in Fig. 2(b). The size and proportion 
of the changes in the vegetation of the study area from 
June, 2003 to June, 2009 have been shown in Table 2. 
3.2. Area 2
  This area includes the northern and southern parts 
of the Euphrates in the border between Iraq and Syria. 
The figure 3 encompasses places like Al Mayadin, 
Hajin, Al-Sha’anta, and Albukamal located in Syria by 
the Euphrates. It also covers places like the Al Anbar 
Province and the deserts in the north of the Euphrates 
near the Syrian borderline in Iraq (Fig. 3). 
  A comparison between the vegetation cover of the 
area between June, 1991 [Fig. 3(a)] and May, 2007 [Fig. 
3(b)] shows a slight increase in the size of areas with 
a good or moderate vegetation cover while the size of 
the areas with a poor or very poor cover indicates no 
significant change [Fig. 3(b)]. However, the size of 
rivers, river banks, as well as small and large lakes with 
a surface area of 6320 hectares is considerable [Fig. 
3(b)]. The size and proportion of the vegetation cover 
in the study area from June, 1991 through May, 2007 
have been presented in Table 3.
3.3. Area 3
  Area 3 includes the deserts in the north and south 
of the Euphrates in Iraq, which cover the deserts in the 
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Figure 2. Vegetation cover changes in Dayr az Zawr (Syria) and the adjacent deserts in its south west June, 2003-June, 2009 
(images a and b, respectively)
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Table 2. Size and proportion of the changes in the vegetation 
of Dayr az Zawr (Syria) and the adjacent deserts in it south 
west June, 2003-June, 2009.
Vegetation 
cover range
Very 
Weak
Weak Moderate Good
Vegetation
cover variation 
(ha)
462811 -397166 -56017 -10363
percent 20.65 13.66 -70.26 -33.13
Table 3. Size and proportion of vegetation cover changes in 
the borderline deserts of Iraq and Syria June, 1991- May, 
2007 (%).
Vegetation 
cover range
Very 
Weak
Weak Moderate Good
Vegetation
cover variation 
(ha)
-1313 -19335 1565 1100
percent -0.03 -0.9 8.7 6.279
west of Baghdad, south of the Province of Neinava, 
and regions like Ennana and Al-Naur in the banks of 
the Euphrates. The deserts in this area are, in fact, the 
extension of those in Area 2 and are among the origins 
of the dust storms that influence the west and south-west 
of Iran. As we move from this area towards the west 
of Iraq, we reach Baghdad and the farm lands adjacent 
to it. Considering the farm lands in addition to other 
vegetation covers created by the dams on the Euphrates 
as well as the lakes around this river, this area cannot be 
regarded as one of the primary establishment areas of 
the dust storms. Fig. 4 illustrates the vegetation cover 
in the area from June, 2003 to June, 2009. As it can be 
observed from this figure, the main part of lands in this 
area, excluding the farm lands around the Euphrates, 
are covered with very poor vegetation. 
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Figure 3. Vegetation cover changes in deserts between Iraq and Syria in June, 1991- May, 2007. 
Figure 4. Vegetation cover changes in the northern and southern deserts of the Euphrates in west of Baghdad, Iraq in June, 
2003-June, 2009. 
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vegetation cover has relatively increased. Table 4 depicts the size and proportion of vegetation cover 80
  A comparison between the two figures indicates 
that the lands with a moderate vegetation cover have 
decreased during the period between 2003 and 2009, 
and the size of the lands with a very poor vegetation 
cover has relatively increased. Table 4 depicts the size 
and proportion of vegetation cover changes in the study 
area from 2003 to 2009. Overall, Area 3 has a poorer 
vegetation cover in comparison to the two preceding 
areas during the period of study. Like the two previous 
areas, the size of lakes has decreased by 4397 hectares. 
  The study of vegetation cover changes using bands 
3 and 4 by Landsat 5 TM satellite indicator showed 
remarkable changes in the area in the period of study. 
A decrease in the size of lands with a good vegetation 
cover and an increase in the size of lands with a poor 
vegetation cover have paved the way for dust storms in 
the area. Among the three study areas in this research, 
Area 1 is of a crucial role since the soil or sand particle 
matter carried to the other two areas by the wind lead 
to the erosion of the surface soil making the soil weak 
in the face of wind erosion (Torabi Mirzaei et al., 2012; 
Kidron et al., 2000).
4. Conclusion
  Detection of primarily places which creates dust 
storms is essential in air pollution study. MODIS image 
showed Syria and Iraq deserts are responsible for creating 
dust storms in west of Iran. The result of vegetation 
cover variation indicated by NDVI showed that the 
areas with the very weak and weak increased in study 
area. Our research concludes that the main reasons 
of creation dust storms in these areas are decreases 
vegetation cover and water content in soil. It showed 
dust storms are powerfully connected with the annual 
cycle of rainfall. This study showed that remote sensing 
is useful tools to study vegetation cover variation in 
international areas.
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